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E\WKHEORFNKHLJKWZHFDQFDOFXODWHWKHWRWDOOHQJWKRIGULOOLQJ$FFRUGLQJWRWDEOH
DQGVWDWLVWLFDO LQYHVWLJDWLRQRI WKHDYDLODEOHGDWD WKH UHODWLRQVKLSEHWZHHQ')DQGJOREDOHVWLPDWLRQYDULDQFHDQG
SHUFHQWDJH RI HUURU LQ FDOFXODWLRQ RI PHDQ JUDGH RI WKH RUH ERG\ LV VWXGLHG WKH VWDWLVWLFDO PRGHO  KDV EHHQ
GHYHORSHGWRFDOFXODWH')EDVHGRQJOREDOHVWLPDWLRQYDULDQFHDQGSHUFHQWDJHRIHVWLPDWHGPHDQJUDGHHUURU
ܦܨ ൌ ܽ ൅ ܾǤ ܩܸܧ ൅ ܿǤܯܩܧܲ ൅ ݀Ǥ ܩܸܧǤܯܩܧܲ ൅ ݁Ǥܯܩܧܲ ଶ
&RHIILFLHQWV
܉ ൌ ૜Ǥ ૚૙૟ ܊ ൌ െ૟Ǥ ૙ૢ૝ ܋ ൌ െ૙Ǥ ૝૝૝૚܌ ൌ ૙Ǥ ૟૟૛ૡ ܍ ൌ ૙Ǥ ૙૚૛ૠ૚ 
*RRGQHVVRIILW܁܁۳ǣ૛Ǥ ૟૞૜܍ െ ૜૙  ܀ െ ܛܙܝ܉ܚ܍ǣ૚
 ,QࡹࡳࡱࡼLVWKHSHUFHQWDJHRIHUURULQHVWLPDWHGRUHEORFNPRGHOPHDQJUDGHࡳࢂࡱLVWKHJOREDOHVWLPDWLRQ
YDULDQFHDQGࡰࡲLVGULOOLQJIDFWRU
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7RXVHWKLVVWDWLVWLFDOPRGHODQGFDOFXODWHWKH')RQHFDQDVVXPHDQXPEHUIRUWKHHVWLPDWLRQHUURUDQGDOVRD
VSHFLILHGYDULDQFHDQGFDOFXODWHWKHWRWDOUHTXLUHGOHQJWKRIGULOOLQJE\WKDW')WKHREWDLQHGUHVXOWVRIJHRVWDWLVWLFDO
DQDO\VLVRI6XQJXQFRSSHUPLQHEORFNPRGHOWKDWZHUHXVHGIRUWKHGHYHORSPHQWRIWKHPRGHODUHVKRZQLQWDEOH
7DEOH7KH2EWDLQHG5HVXOWVRI*HRVWDWLVWLFDO$QDO\VLVRI6XQJXQ&RSSHU0LQH%ORFN0RGHOIRUHDFKDVVXPSWLRQVDPSOLQJJULG
ࡰࡲ ࡳࢂࡱ 0*(3
  
  
  
  
  
,Q)LJ WKHILWWHGTXDGUDWLFVXUIDFHLVVKRZQ$ORRNDWWKH)LJUHYHDOVWKDWWKHTXDGUDWLFVXUIDFHKDVEHHQ
ILWWHGWRWKHSRLQWVE\ࡾ૛HTXDOWR



)LJ7KH)LWWHG4XDGUDWLF6XUIDFHWRWKHVDPSOHSRLQWV
7KHࡰࡲ FDQ GLUHFWO\ DIIHFW WKH DFFXUDF\ RI HVWLPDWLRQ $V LQGLFDWHG LQ WKLV VWXG\ࡰࡲ KDV D SRO\QRPLDO
UHODWLRQVKLS ZLWK WKH SHUFHQWDJH RI FRUUHFW HVWLPDWHG EORFNV DV RUH 7KH REWDLQHG UHVXOWV RI EORFN PRGHO JUDGH
HVWLPDWLRQDFFRUGLQJ WRGLIIHUHQW VDPSOLQJJULGVDUHSUHVHQWHG LQ7DEOH࡯ࡱ࡮LVSHUFHQWDJHRIFRUUHFWHVWLPDWHG
EORFNVDVRUH
7DEOH3HUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHDFFRUGLQJWRGLIIHUHQWVDPSOLQJJULGV
ࡰࡲ CEB
 
 
 
 
 

$VWDWLVWLFDOPRGHOIRUFDOFXODWLQJ')EDVHGRQWKHSHUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHZDVGHYHORSHG
E\FXUYHILWWLQJWRWKHUHVXOWVRIHVWLPDWLRQ)LJ
ܥܧܤ ൌ ܽǤ ܦܨ௕ ൅ ܿ
&RHIILFLHQWVZLWKFRQILGHQFHERXQGV
ܽ ൌ െͲǤͷ͹ͺ ܾ ൌ െ͹Ͳͻ͸ ܿ ൌ ͺͺǤͻʹ
*RRGQHVVRIILWܵܵܧǣͲǤ͵͵Ͳͺ ܴ െ ǣͲǤͻͻ͹Ͷ

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

)LJ7KHILWWHGFXUYHEDVHGRQWKHSHUFHQWDJHRIFRUUHFWHVWLPDWHG
EORFNVDVRUH
)LJ7KHILWWHGFXUYHWRWKHGDWDRIRIFRUUHFWHVWLPDWHGEORFNVDV
RUHZLWKOHVVWKDQHUURUEDVHGRQWKHGLIIHUHQWDPRXQWRIܦܨ

ܥܧܤLVWKHSHUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHDQGܦܨLVGULOOLQJIDFWRU
6WDWLVWLFDOPRGHOKDVDOVREHHQGHYHORSHGWRFDOFXODWHܦܨEDVHGRQWKHDFFXUDF\OHYHORIFRUUHFWHVWLPDWHGEORFNV
DVRUHZLWKOHVVWKDQHUURULQJUDGHHVWLPDWLRQ

ܲܥܧܤ ൌ ܽǤ ܦܨ௕ ൅ ܿ

&RHIILFLHQWVZLWKFRQILGHQFHERXQGV
ܽ ൌ െͳͲǤͷʹ ܾ ൌ െͲǤ͵ͳ͵ͳ ܿ ൌ ͺͲǤͻ͹
*RRGQHVVRIILW ܵܵܧǣ͸Ǥͳ͹ͺ ܴ െ ǣͲǤͻͺͻͺ
ܲܥܧܤLVWKHSHUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHZLWKHVWLPDWLRQHUURUOHVVWKDQേ͵ͲDQGܦܨLVGULOOLQJ
IDFWRU

)LJDQG7DEOHLOOXVWUDWHWKHILWWHGFXUYHDQGWKHUHVXOWVRIWKHHVWLPDWLRQRIEORFNPRGHOUHVSHFWLYHO\


7DEOH3HUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHZLWKOHVVWKDQHUURUEDVHGRQEDVHGRQWKHGLIIHUHQWDPRXQWRIܦܨ
ࡰࡲ 3&(%
 
 
 
 
 

,QJHQHUDORQHRIWKHLPSRUWDQWLVVXHVLQGHFLVLRQPDNLQJDERXWLQYHVWLQJLQDPLQLQJSURMHFWLVWKHFHUWDLQW\RI
WKH DYDLODEOH RUH WRQQDJH DQG DOVR WKH DPRXQW RI WKH RUH ERG\ PHWDO FRQWHQW 7KH DFFXUDF\ RI RUH ERG\ JUDGH
HVWLPDWLRQ LV WKH GHWHUPLQLQJ IDFWRU RI HUURU LQ WKH DPRXQW RI RUH WRQQDJH DQG PHWDO FRQWHQW 6LQFH WKLV LV DQ
LPSRUWDQW IDFWRU VWDWLVWLFDOPRGHO KDVEHHQGHYHORSHGEDVHGRQ WKH UHVXOWV VKRZHG LQ WDEOHWRGHWHUPLQH WKH
HUURUSHUFHQWDJHLQPHWDOFRQWHQWEDVHGRQWKHDPRXQWRIܦܨDQGDOVRWKHQHHGHGHUURULQRUHWRQQDJHHVWLPDWLRQ

ܯܥܧܲ ൌ ܽ ൅ ܾǤ ܦܨ ൅ ܿǤ ܶܧܲ ൅ ݀Ǥ ܦܨǤ ܶܧܲ ൅ ݁Ǥ ܶܧܲଶ
&RHIILFLHQWV
ܽ ൌ ʹͲǤʹͷ ܾ ൌ െͳ͸ͳǤ͸  ܿ ൌ െͳǤͷͺ ݀ ൌ ͺǤͶ͹Ͷ ݁ ൌ ͲǤͲ͵͸ͷʹ
*RRGQHVVRIILWܵܵܧǣʹǤͷͶʹ݁ െ ʹͺ ܴ െ ǣͳ

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ܯܥܧܲLV WKH SHUFHQWDJH RI HUURU LQ HVWLPDWHG RUH EORFNPRGHO PHWDO FRQWHQWܶܧܲLV WKH SHUFHQWDJH RI HUURU LQ
HVWLPDWHGRUHEORFNPRGHOWRQQDJHDQGܦܨLVGULOOLQJIDFWRU

7DEOH7KHSHUFHQWDJHRIHUURULQWRQQDJHDQGPHQWDOFRQWHQWHVWLPDWLRQEDVHGRQGLIIHUHQWܦܨ
ܦܨ 7(3 0&(3
  
  
  
  
  

)LJ)LWWHGTXDGUDWLFVXUIDFHRISHUFHQWDJHRIHUURULQRUHWRQQDJHDQGPHWDOFRQWHQWHVWLPDWLRQDQG')

'LVFXVVLRQ
0LQH SODQQLQJ DQG SURGXFWLRQ VFKHGXOLQJ RI RSHQ SLW PLQHV DUH FRQVLGHUHG DV WKH FRPSOLFDWHG LVVXHV LQ
HQJLQHHULQJ7KHKLJKYROXPHRI LQYHVWPHQW LQPLQLQJSURMHFWVUHTXLUHVPRUHDFFXUDF\LQSUHSDULQJEDVHGDWDIRU
GHVLJQDQGSURGXFWLRQVFKHGXOLQJ,WLVFOHDUWKDWWKHSULPDU\VWHSLQPLQHGHVLJQLVWRJHQHUDWHWKHJHRORJLFDOEORFN
PRGHO 'HFUHDVLQJ WKH H[LVWHG XQFHUWDLQWLHV LQ WKH JHRORJLFDO EORFN PRGHO FDQ UHGXFH WKH ULVN RI PLQH SURMHFW
LQYHVWPHQW)RU LQVWDQFHDW IHDVLELOLW\E\ UHDVRQRIPXOWLSOHVDPSOLQJDQGQXPHURXVFKHFNV WKHDYHUDJHPLQLQJ
JUDGHRIVRPHGHFODUHGWRQQDJHLVOLNHO\WREHNQRZQZLWKLQDFFHSWDEOHOLPLWVVD\DQGYHULILHGE\VWDQGDUG
VWDWLVWLFDO PHWKRGV +XVWUXOLG  ,Q WKLV SDSHU PXOWLSOH HTXDWLRQV ZHUH SUHVHQWHG WR FDOFXODWH WKH HVVHQWLDO
DPRXQWRI GULOOLQJ IRU UHDFKLQJ DQ DFFHSWDEOH FRQILGHQFH OHYHORIJUDGH DQG WRQQDJH HVWLPDWLRQ7KHVH VWDWLVWLFDO
PRGHOVKDYHEHHQGHYHORSHGEDVHGRQDSRUSK\U\FRSSHUGHSRVLW7KHUHIRUH WKHREWDLQHGHTXDWLRQVRI VWDWLVWLFDO
DQDO\VLVFDQEHXVHGLQH[SORUDWLRQRIWKHSRUSK\U\FRSSHUGHSRVLW
7KHIROORZLQJIDFWRUVZHUHXVHGLQWKLVVWXG\IRUWKHLQYHVWLJDWLRQRIWKHHVWLPDWLRQTXDOLW\
 'ULOOLQJ)DFWRUܦܨ
 3HUFHQWDJHRIEORFNPRGHOPHDQJUDGHHUURU
 *OREDOHVWLPDWLRQYDULDQFH
 3HUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUH
 3HUFHQWDJHRIFRUUHFWHVWLPDWHGEORFNVDVRUHZLWKOHVVWKDQHUURU
 3HUFHQWDJHRIHVWLPDWHGPHWDOFRQWHQWHUURU
 3HUFHQWDJHRIHVWLPDWHGRUHWRQQDJHHUURU
&RQVLGHULQJWKHDERYHIDFWRUVWKHSURSHUDPRXQWRIܦܨFDQEHFDOFXODWHGE\WKHXVHRIVWDWLVWLFDOPRGHOVWR
8VLQJWKHDERYHPHQWLRQHGVWDWLVWLFDOPRGHOVIRUREWDLQLQJWKHHVWLPDWLRQZLWKWKHGHVLUHGTXDOLW\ZHVKRXOG
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FDOFXODWH GLIIHUHQWܦܨV DQG XVH WKH UHVXOWV IRU GHWHUPLQLQJ RWKHU HIIHFWLYH IDFWRUV LQ GHWHUPLQDWLRQ RI HVWLPDWLRQ
TXDOLW\DQGILQDOO\FKRRVHWKHEHVWܦܨ
7KH JUDGH HVWLPDWLRQ TXDOLW\ RI WKH JHRORJLFDO EORFNPRGHO LV WKHPRVW HIIHFWLYH IDFWRU LQPLQH SODQQLQJ DQG
GHVLJQGHWHUPLQDWLRQRIXOWLPDWHSLW OLPLWSURGXFWLRQVFKHGXOLQJZLWKGLIIHUHQWREMHFWLYHVPLQLQJFDSDFLWLHVDQG
VWULSSLQJUDWLRGHWHUPLQDWLRQ,QIDFWDOOHQJLQHHULQJGHVLJQVRIDPLQHDUHEDVHGRQJHRORJLFDOEORFNPRGHO%ORFN
PRGHOJUDGHHVWLPDWLRQZLWKDKLJKSHUFHQWDJHRIHUURUZRXOGGLUHFWO\DIIHFWWKHDPRXQWRI139REWDLQHGIURPWKH
SURMHFW FDVK IORZ ,I WKH SXUSRVH RI SURGXFWLRQ VFKHGXOLQJ LV WR UHDFK RSWLPXP EOHQGLQJ WKH HUURU LQ JUDGH
HVWLPDWLRQZRXOGQRW OHWXVREWDLQWKHGHVLUHGJRDO7KHHUURULQRUH WRQQDJHDQGRUHERG\PHWDOFRQWHQWFDQDOVR
OHDGWRDZURQJGHFLVLRQIRUGHWHUPLQDWLRQRIWKHDPRXQWRIWKHFDSLWDOFRVWIRUWKHSURMHFW7KHUHIRUHLWFDQEHVDLG
WKDWWKHNH\IDFWRULQDFKLHYLQJWKHPD[LPXPSURILWIURPDPLQLQJSURMHFWLVWRQQDJHDQGJUDGHHVWLPDWLRQZLWKDQ
DFFHSWDEOHFRQILGHQFHOHYHO
&RQFOXVLRQ
,Q WKLVVWXG\ LWKDVEHHQ WULHG WRSUHVHQW WKHVWDWLVWLFDOPRGHOV WRFDOFXODWH WKHHVVHQWLDODPRXQWRIH[SORUDWLRQ
GULOOLQJ ZLWK UHVSHFW WR WKH VSHFLILHG FRQILGHQFH OHYHO LQ JUDGH DQG WRQQDJH HVWLPDWLRQ 7KHVH PRGHOV ZHUH
GHYHORSHGEDVHGRQWKH6XQJXQFRSSHUPLQHJHRORJLFDOEORFNPRGHO$IWHUJHQHUDWLQJGULOOKROHVVDPSOLQJJULGZLWK
GLIIHUHQW GLPHQVLRQV IURP WKH EDVH JHRORJLFDO EORFN PRGHO  WLPHV JHRVWDWLVWLFDO *DXVVLDQ VLPXODWLRQZDV
LPSOHPHQWHGE\HDFKVDPSOLQJJULG LQ WKHEORFNPRGHO7KHQE\VWDWLVWLFDODQDO\VLV IRXUVWDWLVWLFDOPRGHOVZHUH
GHYHORSHGWRDVVHVV WKHHVVHQWLDODPRXQWRIH[SORUDWLRQGULOOLQJZLWKUHJDUGWR WKHGHVLUHGDFFXUDF\RIHVWLPDWLRQ
6LQFHWKHVHVWDWLVWLFDOPRGHOVKDYHEHHQGHYHORSHGEDVHGRQDSRUSK\U\FRSSHUGHSRVLWWKHUHVXOWVFDQEHXVHGIRU
WKHH[SORUDWLRQVLPLODUGHSRVLWV$OVRWKHVHPRGHOVFDQEHXVHGIRUWKHLQYHVWLQJULVNDQDO\VLV
5HIHUHQFHV
 $QGUHVF$YDOXHRILQIRUPDWLRQDQDO\VLVRISHUPHDELOLW\GDWDLQD&DUERQ&DSWXUHDQG6WRUDJHSURMHFW06F WKHVLV7KH
8QLYHUVLW\RI7H[DVDW$XVWLQ
 %HUWROL23DXO$=DFK&'XQQ'*HRVWDWLVWLFDOGULOOKROHVSDFLQJDQDO\VLV IRUFRDO UHVRXUFHFODVVLILFDWLRQ LQ WKH%RZHQ
%DVLQ4XHHQVODQG,QWHUQDWLRQDO-RXUQDORI&RDO*HRORJ\
 %RXFKHU$'LPLWUDNRSRXORV5DQG9DUJDV*X]PDQ-$-RLQWVLPXODWLRQVRSWLPDOGULOOKROHVSDFLQJDQGWKHUROHRIWKH
VWRFNSLOHin/HXDQJWKRQJ2DQG'HXWVFK&9HGV*HRVWDWLVWLFV%DQII6SULQJHUS±
 &UHVVLH1$OGZRUWK-6SDWLDO6WDWLVWLFDO$QDO\VLVDQGLWV&RQVHTXHQFHVIRUVSDWLDOVDPSOLQJ(<%DDILDQG1$6FKRILHOG
HGLWRUV*HRVWDWLVWLFV:ROORQJRQ9ROXPH
 &RRPEHV - *ODFNHQ ,0 DQG 7KRPDV * 6  &RQGLWLRQDO 6LPXODWLRQ D SUDFWLWLRQHUV SHUIRUPDQFH DQDO\VLV ,QWHUQDWLRQDO
6\PSRVLXPRQ*HRVWDWLVWLFDO6LPXODWLRQVLQ0LQLQJ2FWREHU3HUWK:HVWHUQ$XVWUDOLD:+%U\DQ0LQLQJ*HRORJ\5HVHDUFK
&HQWUH*HRVWDWLVWLFDO$VVRFLDWLRQRI$XVWUDODVLD
 &RRPEHV-7KRPDV**LIIRUG0DQG-HSVHQ/$VVHVVLQJWKH5LVNRI,QFRUUHFW3UHGLFWLRQ±$1LFNHO&REDOW&DVH6WXG\LQ
3URFHHGLQJV$XV,000LQHWR0LOO&RQIHUHQFH7KH$XVWUDOLDQ,QVWLWXWHRI0LQLQJDQG0HWDOOXUJ\0HOERXUQHS
 &RRPEHV - 7KRPDV * *ODFNHQ , DQG 6QRZGHQ 9  &RQGLWLRQDO 6LPXODWLRQ :KLFK0HWKRG IRU0LQLQJ" *HRVWDWLVWLFV
&RQIHUHQFH&DSH7RZQ6RXWK$IULFD
 'HXWVFK &9  'LUHFW $VVHVVPHQW RI /RFDO $FFXUDF\ DQG 3UHFLVLRQ (< %DDIL DQG 1$ 6FKRILHOG HGLWRUV *HRVWDWLVWLFV
:ROORQJRQJ9ROXPH
 *RWZD\ & $ )HUJXVRQ 5 % +HUJHUW 5: 3HWHUVRQ 7 $  &RPSDULVRQ RI .ULJLQJ DQG ,QYHUVH'LVWDQFH0HWKRGV IRU
0DSSLQJ6RLO3DUDPWHUV6RLO6FLHQFH6RFLHW\RI$PHULFD-RXUQDO
 +DUULVRQ6/HXDQJWKRQJ2&UDZIRUG%2VKXVW38QFHUWDLQW\EDVHGJUDGHPRGHOOLQJRINLPEHUOLWH$FDVHVWXG\RIWKH
-D\NLPEHUOLWHSLSH(.$7,'LDPRQG0LQH&DQDGD/LWKRV6±
 +XPSKUH\V06KULYDVWDYD3&KRRVLQJDQH[SORUDWLRQGULOOKROHVSDFLQJ$FDVHVWXG\LQDQLURQPLQH(<%DDILDQG1$
6FKRILHOGHGLWRUV*HRVWDWLVWLFV:ROORQJRQJ9ROXPH
 +XQWHU7%RUWKZLFN-'RXJH0<XVL03URMHFWIHDVLELOLW\VWXGLHVDQHFHVVDU\VWHSRUWKHEHVWRSSRUWXQLW\WRDGGYDOXH
DQGFHUWDLQW\"$XVWUDODVLDQ,QVWLWXWHRI0LQLQJDQG0HWDOOXUJ\
 +XVWUXOLG:.XFKWD02SHQSLWPLQHSODQQLQJDQGGHVLJQUGHGLWLRQ7D\ORU	)UDQFLVSOF/RQGRQ8.S
 -RXUQHO$*&RPSXWHU LPDJLQJ LQ WKHPLQHUDO LQGXVWU\EH\RQGPHUHDHVWKHWLFVUG$3&20SURFHG<&.LP60(
SXEO
 .UDYFKHQNR$1  ,QIOXHQFHRI6SDWLDO6WUXFWXUHRQ$FFXUDF\RI ,QWHUSRODWLRQ0HWKRGV6RLO6FLHQFH6RFLHW\RI$PHULFDQ
-RXUQDO
 0DFNDQHVV:%HDUG.9LVXDOL]DWLRQRI,QWHUSRODWLRQ$FFXUDF\8QLYHUVLW\RI0DLQ1*&,$
 7KRPDV * &RRPEHV - DQG 5LFKDUGV :/  3UDFWLFDO &RQGLWLRQDO 6LPXODWLRQ IRU *HRORJLVWV DQG 0LQLQJ (QJLQHHUV LQ
3URFHHGLQJV7KLUG5HJLRQDO$3&206\PSRVLXP.DOJRRUOLH:HVWHUQ$XVWUDOLD±


